Gli genes encode a family of zinc ®nger transcription factors that mediate signaling by Hedgehog proteins. We have cloned the chick Gli3 gene and studied its expression in developing chick limbs. Gli3 expression is highly similar to that of chick Gli2. Gli3 mRNA is evenly distributed in the early limb mesenchyme and subsequently downregulated in the posterior mesenchyme by the polarizing activity of Sonic hedgehog. At later stages, Gli3 is expressed in the distal limb mesenchyme. q
Results and discussion
Anterior-posterior patterning of vertebrate limbs is regulated by localized expression of the Sonic hedgehog (Shh) signaling protein in the posterior mesenchyme of the limb bud, a region known as the Zone of Polarizing Activity (ZPA) (Johnson and Tabin, 1997; Riddle et al., 1993) . The Hedgehog signal is mediated by zinc ®nger transcription factors of the Gli family including Gli, Gli2 and Gli3 (Ruiz i Altaba, 1999) . A description of Gli gene expression and mode of regulation is therefore important for understanding Hedgehog function. The Gli proteins appear to have overlapping as well as distinct functions during development based on the phenotypes of single and double mouse mutants (Mo et al., 1997; Park et al., 2000) . Gli3 is of particular interest in the context of limb development, since mutations in Gli3 result in polydactyly in both mice and humans (Hui and Joyner, 1993; Vortkamp et al., 1991) .
The recent publication of the full length mouse Gli2 sequence (Hughes et al., 1997) led us to realize that the gene we previously named chick Gli3, based on the zinc ®nger domain sequence then available (Marigo et al., 1996) , actually corresponds to chick Gli2. We therefore cloned the chick Gli3 gene (see Section 2). Comparison of the partial cGli3 sequence to other vertebrate Gli3 proteins ( Fig. 1) and to the other chick Gli proteins shows that the zinc ®nger region in all these proteins is almost identical. However, outside of the zinc ®ngers, chick Gli3 is much closer to the Gli3 proteins from other vertebrates (85±90% identity with the human, mouse and Xenopus Gli3 proteins) than it is to the other chick Gli proteins (50±60% identity with cGli and cGli2).
Gli3 expression was studied by whole-mount in situ hybridization and compared to that of Gli2. At stage 6, Gli2 is expressed throughout the neural plate, while Gli3 expression is restricted to the anterior portion of this same tissue ( Fig. 2A,E) . At stage 8, the expression of both genes persists in the developing neural plate, with Gli3 showing stronger expression in the lateral edges and weaker expression medially (Fig. 2B,F ). In addition, both genes are absent from the midline at these early stages ( Fig. 2A ,B,E,F). At stages 20 and 24, Gli3 expression is signi®cantly stronger in the midbrain, the telencephalon and the midline of the diencephalon (Fig. 2C,D ,G,H). In the somites, at stage 20, both Gli2 and Gli3 are expressed throughout the dermomyotome (Fig. 2I,K) . By stage 24, the somitic expression of Gli2 is localized mostly to the dorsal dermomyotome, while Gli3 is expressed in two somitic compartments, the dermomyotome and the dorsal sclerotome (Fig. 2J,L) , as has been previously reported in the mouse (Aruga et al., 1999) . The early somitic expression of a quail Gli3 has also recently been described (Borycki et al., 2000) . From stage 20 to 24, strong expression of Gli3 but not Gli2 is also observed along the borders between the rhombomeres (Fig. 2M and data not shown) .
In early limb buds (stages 18 and 19), Gli3 mRNA is expressed throughout the limb bud mesenchyme (Fig.  3A) . However, at later stages, the expression is downregulated in posterior mesenchymal cells. The domain of posterior repression is small in stage 20 limb buds (Fig. 3B,I ) and gradually grows from stage 21 to stage 23 (Fig. 3C,D,J,K) . Section in situ hybridization to a transverse section of a stage 21 leg bud demonstrates that Gli3 expression persists throughout the anterior mesenchyme, while it is not expressed in the limb bud ectoderm (Fig. 3E) . Gli2 is expressed in a very similar pattern to Gli3 at stages 18, 20 and 23 (Fig. 3F±H) , as previously reported (Marigo et al., 1996) . Another feature of Gli3 expression at these stages is a domain of stronger expression in the distal limb bud mesenchyme. Indeed, by stage 24, the broad mesenchymal expression is eliminated and only the distal mesenchymal domain of expression persists through subsequent stages of limb development (Fig. 3L,M) .
Sonic hedgehog is expressed in the posterior region of the developing limb bud mesenchyme, suggesting that Shh activity might mediate the posterior repression of Gli3 expression (Riddle et al., 1993) . To determine if this is the case, limb buds were infected with a Sonic hedgehog expressing retrovirus. Stage 10 injections, which result in complete infection of the limb bud (Fig. 4B) , indeed resulted in repression of Gli3 throughout the limb bud ( Fig. 4A; n 5) . Interestingly, injection of the Shh retrovirus at the anterior margin of a stage 20 limb bud, a procedure that leads to limb duplication, also resulted in a localized downregulation of Gli3 expression, suggesting that the later distal expression domain of Gli3 can also be modulated by Shh (Fig. 4C) . The expression of Gli2 in the chick limb bud is identical to that of Gli3. Furthermore, Gli2 expression is also repressed by Shh (Marigo et al., 1996) . Thus, it is interesting that the limb phenotypes of mouse Gli2 and Gli3 mutants differ signi®cantly: a mutation in Gli3 results in the extra toes (Xt) phenotype, a strong polydactyly re¯ecting a duplication in the limb due to ectopic expression of Shh in the anterior limb mesenchyme (Buscher et al., 1997; Masuya et al., 1995) , whereas Gli2 mutants display defects in ossi®ca-tion of the limb bones (Mo et al., 1997) .
Materials and methods
The chick Gli3 gene was cloned by screening a stage 18± 24 chicken limb cDNA library using a fragment of the mouse Gli2 gene (a gift of A. Joyner) (Hui and Joyner, 1993) . A 1.5 kb 3 H EcoRI fragment that does not contain the zinc ®nger region was subcloned into pBluescript (denoted 19a1.5). A riboprobe was generated by digesting with EcoRV and transcribing using T3 RNA polymerase. Whole-mount in situ hybridization was performed as described (Riddle et al., 1993) . The RCAS-Shh encoding retrovirus, viral production, concentration, titering and injection were performed as previously described (Logan and Tabin, 1998; Riddle et al., 1993) . 
